RepC protein encoded by plasmid pT181 has single-stranded endonuclease and topoisomerase-like activities. These activities may be involved in the initiation (and termination) of pT181 replication by a rolling circle mechanism. RepC protein cleaves the bottom strand of DNA within the origin of replication at a single, specific site when the DNA is in the supercoiled or linear (double or single-stranded) form. We have found that RepC protein will also cleave single-stranded DNA at sites other than the origin of replication. We have mapped the secondary cleavage sites on pT181 DNA. When the DNA is in the supercoiled, or linear, double-stranded form, only the primary site within the origin is cleaved. However, when the DNA is present in the single-stranded form, several strong and weak cleavage sites are observed. The DNA sequence at these cleavage sites shows a strong similarity with the primary cleavage site. The presence of Escherichla coli SSB protein inhibited cleavage at all of the secondary nick sites while the primary nick site remained susceptible to cleavage.
INTRODUCTION
. This single stranded intermediate in replication is unique among the plasmids studied to date. In this paper we have investigated the ability of RepC protein to cleave single-stranded DNA. We have identified strong and weak RepC cleavage sites la pT181 DNA. From analysis of the major cleavage sites we have determined that RepC cleaves pyrimidine rich sequences which contain an absolutely conserved AA dinucleotide. The strong cleavage sites were used to determine a consensus sequence for RepC cleavage. This sequence is: 5' TPyNT^PyAAN 3'. The secondary sites were cleaved by RepC protein only when DNA was present in the single-stranded form, but were not cleaved when the DNA was in linear double-stranded form. This suggests that RepC cleavage at secondary sites requires the presence of at least partially single-stranded regions. When single-stranded UNA was incubated with RepC protein in the presence of _E. coli single-stranded DNA binding protein (SSB), the secondary cleavage sites were protected from cleavage by RepC. The cleavage of single-stranded pT181 DNA by RepC at the primary cleavage site was not appreciably affected by SSB. These findings suggest that the origin of replication of pT181 has unique features which are recognized by RepC protein in double-or single-stranded forms even in the presence of proteins which mask other potential RepC cleavage sites.
MATERIALS AMD METHODS

Enzymes
Bacterial alkaline phosphatase, T4 polynucleotlde kinase and all restriction endonucleases were purchased from Bethesda Research Laboratories and used as recommended by the supplier. RepC was prepared according to the published procedure (2) . Isolation of DNA fragments and end-labeling Plaamld DNA from the pT181 copy mutant, cop608, was prepared by CsCl-ethidium bromide density gradient centrifugation as described previously (10) . Supercoiled cop608 DNA was cleaved with Mbol or Tag I and the fragments separated by polyacrylamide gel electrophoresis (11) . The Mbol D and Tag I E fragments were isolated from the gel by crushing and elution (11) . The DNA fragments were treated with bacterial alkaline phosphatase and labeled at their 5 1 ends with [32p]Y-ATP and T4 polynucleotide kinase as described (11) . Isolation of single-stranded DNA fragments A portion of the 5' end labeled fragments was denatured by heating at 90"C for 2 rain in 30Z DMSO containing 0.05Z each of xylene cyanol and bromphenol blue. The DNA was quick chilled and electrophoresed on 6Z polyaerylamlde gels using Tris-borate-EDTA buffer as described by Maxaro and Gilbert (II)-The gels were exposed to X-ray films and the ^P-labeled single strands of DNA were eluted as described earlier (11).
Synthesis of oligonucleotides
Deoxyribooligonucleotides of defined sequences were synthesized by using an applied Biosystems DNA Synthesizer. The oligonucleotldes were 5' end-labeled as described above.
Cleavage of DNA by RepC protein Kg:
•sm. 5A,lanes 5-6) whereas, the other two oligonucleotides were not cleaved ( Figure   5A, lanes 7-10) .
These results demonstrate that the recognition site for cleavage of single stranded DNA by RepC is no more than 16 nucleotides. The cleavage site of RepC was determined to lie immediately 5' to the AA dinucleotlde (between nucleotides 9.and 10 in Table 1 
